Abstract The relationship between temperature and mortality is well established but has seldom been investigated in terms of external causes. In some Eastern European countries, external cause mortality is substantial. Deaths owing to external causes are the third largest cause of mortality in Estonia, after cardiovascular disease and cancer. Death rates owing to external causes may reflect behavioural changes among a population. The aim for the current study was to investigate if there is any association between temperature and external cause mortality, in Estonia. We collected daily information on deaths from external causes (ICD-10 diagnosis codes V00-Y99) and maximum temperatures over the period 1997-2013. The relationship between daily maximum temperature and mortality was investigated using Poisson regression, combined with a distributed lag non-linear model considering lag times of up to 10 days. We found significantly higher mortality owing to external causes on hot (the same and previous day) and cold days (with a lag of 1-3 days). The cumulative relative risks for heat (an increase in temperature from the 75th to 99th percentile) were 1.24 (95% confidence interval, 1.14-1.34) and for cold (a decrease from the 25th to 1st percentile) 1.19 (1.03-1.38). Deaths due to external causes might reflect changes in behaviour among a population during periods of extreme hot and cold temperatures and should therefore be investigated further, because such deaths have a severe impact on public health, especially in Eastern Europe where external mortality rates are high.
Background
The relationship between hot and cold temperatures and mortality is well established (Turner et al. 2012; Gasparrini et al. 2015) . The effects of heat on health usually occur relatively shortly after temperatures start to increase, whereas the effects of exposure to cold may take longer to emerge (Anderson and Bell 2009 ). The temperature-mortality relationship has been investigated including (Rey et al. 2007; McMichael et al. 2008) , as well as excluding, external causes (Anderson and Bell 2009; Guo et al. 2014; de' Donato et al. 2015) .
In Estonia, deaths due to external causes, such as traffic accidents, assault, fires, drowning, and other injuries, are the third largest cause of mortality, after diseases of the circulatory system and cancer (Lai et al. 2009 ). Death rates and unintentional injuries owing to external causes may reflect behavioural changes among a population and have been less investigated (Otte im Kampe et al. 2016) . Hajat et al. (2007) investigated the relationship between temperature and mortality due to external causes in the UK, and Basagana et al. (2011) investigated the relationship in Catalonia, Spain. Both studies reported high temperatures to be associated with increased mortality due to external causes.
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In addition, a recent review by Otte im Kampe et al. (2016) evaluated the relationship between summer temperatures and unintentional injuries. Increasing temperatures were associated with an increased risk of both unintentional and workrelated injuries, in higher income countries.
Both heat and cold diminish our ability to carry out mental and physical tasks, and this may be the mechanism that leads to more injuries, as well as physiological stress responses (Makinen and Hassi 2009; Kjellstrom et al. 2016) . Heat, as well as cold, stress alters our cognitive functions, e.g. decreases task planning accuracy, impairs executive function, and decreases reaction time (Taylor et al. 2015) .
Given that external mortality is the third largest cause of death in Estonia, our aim with the current study was to investigate the relationship between temperature and external mortality.
Data
Estonia is situated on the Baltic Sea and borders by land the Russian Federation (to the east) and Latvia (to the south) and by sea Finland (to the north). Estonia is in the northern part of the temperate climate zone, with warm, dry summers and fairly severe winters.
For the period 1997 to 2013, we collected daily temperature and mortality data. The Estonian Weather Service provided daily maximum temperature data, recorded at the Türi measuring station in central Estonia ( Supplementary Fig. S1 ). We assumed this centrally located measuring station to represent temperature exposure throughout Estonia, as the relative risks (RR) from this station should be representative for Estonia as a whole (Oudin Åström et al. 2016) . Mortality data among 1.4 million residents were acquired from the Estonian Causes of Death Registry database. For each death, we obtained age, gender, and date and cause of death. We only included ICD-10 diagnosis codes V00-Y99 (external causes) deaths in the analysis.
Methods
To model the relationship between temperature and mortality, we assumed that the daily counts of deaths followed an overdispersed Poisson distribution and used the generalised additive model:
where Yt is the daily number of deaths from external causes, α the intercept, and β 1 Tt,l a vector of coefficients representing the non-linear, as well as a delayed relationship, between maximum temperature and mortality of the same day (Gasparrini 2014) . A quadratic B-spline and a natural cubic spline were fitted for temperature and time lag, respectively. Regarding temperature, we used two equally spaced internal knots and for the time lag, two equally spaced knots on a logscale. Weekday is a categorical variable for the day of the week and holiday a binary variable indicating public holidays.
To take into account variability in mortality due to seasonality and longer term trends, we included a time trend (natural cubic spline), with six degrees of freedom per year (chosen by comparing Akaike Information Criteria for different degrees of freedom). We centred the analyses at 20°C, as this was found to be the minimum mortality temperature for external causes. R version 2.13.1 was used to create datasets of variables, and the package DLNM (Gasparrini 2011) for statistical modelling and the creation of graphical output.
Results
Between 1997 and 2013, there were 28,964 deaths recorded resulting from external causes, which corresponded to 10% of the total number of deaths in Estonia (Table S1 ). Eighty-two percent of external mortality cases were below 65 years of age and 78% were male. These deaths were evenly distributed over the year and a decreasing trend over the study periods was observed (Figs. S2 and S3 ). Traffic accidents, injuries, assault, drownings, and fires caused the most fatalities. Descriptive statistics of the daily maximum temperature are presented in Table S2 .
We found significantly increased external cause mortality on hot (the same and previous day) and cold days (a lag of 1-3 days) (Fig. 1) . The cumulative RRs for heat (an increase in temperature from the 75th/90th to 99th percentile (lag01)) were 1.24 (95% confidence interval, 1.14-1.35) and 1.18 (1.08-1.29), respectively. The cumulative RRs for cold (a decrease from the 25th/10th to 1st percentile (lag04)) were 1.18 (1.02-1.38) and 1.16 (0.99-1.36), respectively. The cumulative effects over lag04, are further illustrated in Fig. S4 .
When stratifying the analyses, on age and gender, no statistically significant differences were observed; however, the point estimates for the under 18 population were of a larger magnitude. Traffic accidents increased for both, heat and cold, however, not statistically so, whereas the risk of death from assault (not significantly) and fires (significantly) seemed to increase during the cold season (Table S3 ).
Discussion and conclusions
Any effects of extreme temperature on external cause mortality are not commonly expected to be delayed in time, and in our analysis, mortality due to external causes significantly increased shortly after exposure to high and low temperatures. Age and gender did not in our analyses modify the effect of high and low temperatures.
Our findings correspond with those of Hajat et al. (2007) , who reported increased mortality due to external causes in England and Wales for 0-64 year olds (among whom most external mortalities occur) during hot weather. Our findings are also in-line with Basagana et al.'s (2011) report from the Catalonian region in Spain, where they found increased mortality due to external causes of a similar magnitude as we reported here.
Our study is among the first to show that extremely cold temperatures may increase mortality due to external causes, both totally and for fire-related mortality. It would be of interest if our finding of increased mortality due to assault during cold weather, even though it was not statistically significant due to the low number of deaths occurring in this category, could be replicated in other settings.
Traffic accidents accounted for the largest proportion of external mortality cases in Estonia, and we found increased risk due to extreme heat and cold, however, not statistically significant. Lately, Basagana et al. (2015) reported an increased risk of motor vehicle accidents during heat waves. Some recent studies support the inclusion of non-fatal injuries to quantify the total effect of heat exposure on health (Basagana 2014; Otte im Kampe et al. 2016) .
As the majority of the deaths in the current study occurred among individuals of working age, one factor could also have been occupational accidents and injuries, as this has also been reported to be associated with high (Morabito et al. 2006; Xiang et al. 2014; Gubernot et al. 2015) and low temperatures (Morabito et al. 2014) .
Deaths due to external causes might also reflect changes in behaviour among general populations, during periods of extreme temperature. Fralick et al. (2013) reported temperatures exceeding 30°C to be associated with a 69% increase in the risk of outdoor drowning. High temperatures may increase the population at risk of drowning, as more people seek heat relief by outdoor bathing. In 2010 (the warmest summer ever in Estonia), there were 63 drownings in June and August, whereas in the following colder summers, only up to 34 drownings per annum were recorded (Estonian Rescue Board 2015) .
In our analysis, we could not see any statistically significant results in individual categories, such as traffic accidents and assaults, owing to the low numbers of deaths occurring in each category (Table S3 ). Another limitation was that we assumed identical individual temperature exposure based on only one centrally located measuring station.
In areas with high external cause mortality rates, such as some Eastern European countries (Lai et al. 2009 ), excluding external cause of deaths, from the analyses, may lead to an underestimation of effects of temperature. 
Conflict of interest
The authors declare that they have no conflicts of interest.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http:// creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
